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ABSTRACT
Climate change has serious implications for agricultural production, natural resource management, and
food security. In the United States, land-grant universities and the U.S. Cooperative Extension System have a
critical role to play in conducting basic and applied research related to climate change and translating findings
into meaningful programming. However, land-grant universities and Extension have had difficulty main-
taining their roles as the preeminent source of trusted information on complex topics like climate change. To
help guide research and programming agendas of land-grant universities, the authors explored the barriers
and priorities that researchers and Extension personnel at 16 northeastern land-grant universities perceive as
they pursue climate change research and programming. Through an online survey, respondents indicated
their perceptions of barriers related to information, workplace, and target audiences as well as the priorities
they perceived as most important for land-grant universities to pursue. Statistical analysis indicated that lack
of funding, lack of time, lack of locally relevant climate information, and challenges with target audiences
were among themost critical barriers. In terms of future priorities, respondents indicated securing funding for
applied research, training Extension educators, and developing locally relevant decision support tools as the
most important activities northeastern land-grant universities can undertake. Based on these findings, this
study concludes that land-grant universities will need to strategically pursue research and educational pro-
gramming on climate change in ways that integrate research and Extension and simultaneously address cli-
mate change and other concerns of land managers.
1. Introduction
Climate variability and change have serious implica-
tions for agricultural production, natural resource man-
agement, and food security both locally and globally
(Alig 2011; Brown and Funk 2008; Hatfield et al. 2014;
Morton 2007). A basic way to understand climate change
is a departure from the climate’s historic variability.
Although farmers and natural resource managers have
always adapted to weather variability from season to
season, the increasing unpredictability caused by climate
change makes it a particularly difficult challenge to ad-
dress (Walthall et al. 2012). In the United States, these
challenges are compounded by the skepticism that exists
regarding anthropogenic climate change. Nationally,
63% of the U.S. population believes that global warming
is happening, but only 47% believe it is human caused
(Howe et al. 2015). Farmers are often even less certain
than the general public about anthropogenic climate
change (Arbuckle et al. 2013; Liu et al. 2014; Prokopy et al.
2015a; Rejesus et al. 2013), a belief that hinders their will-
ingness to take adaptive measures (Walthall et al. 2012).
An array of other factors have been found to affect
farmers’ and natural resource managers’ decision-making
on climate variability and change, including previous ex-
perienceswith climate events,market trends, public policy,
and personal financial situations (Antle and Capalbo 2010;
Batie 2009; Tiefenbacher and Hagelman 2004; Walthall
et al. 2012). Various sources of information are also im-
portant influences on farmers’ and other land managers’
risk perceptions and their willingness to take adaptive or
mitigative action (Arbuckle et al. 2015). Among those in-
formation sources that have been trusted historically by
land managers is the U.S. Cooperative Extension System,Corresponding author: Daniel Tobin, dbt127@psu.edu
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which is well positioned to play a key role in disseminating
climate change information to agricultural and natural
resources’ audiences and catalyzing productive responses
at both local and national levels (Allred et al. 2016;
Brugger and Crimmins 2015; Fraisse et al. 2009). Funded
by federal, state, and local governments, Cooperative Ex-
tension (hereafter Extension) is the entity within each
land-grant university that provides nonformal educational
programming and research-based information to citizens
and relays the priorities and needs of citizens to re-
searchers. However, questions have arisen regarding Ex-
tension’s effectiveness in serving its role as a trusted source
of climate information due to ongoing resource con-
straints. Despite its historical role as the premier in-
formation intermediary, other agricultural advisors,
including federal agencies [e.g., U.S. Department of Ag-
riculture (USDA)’s Natural Resource Conservation Ser-
vice], local conservation districts, and consultants from the
private sector have emerged as trusted sources of in-
formation for farmers on climate topics (Haigh et al. 2015).
As land managers increasingly interact directly with these
other agricultural advisors, Extension must reconceptu-
alize the way it provides information to maintain its use-
fulness and relevance. Prokopy et al. (2015b), for example,
recommend that Extension focus on developing commu-
nication channels via these other agricultural advisors to
ensure that its impact is as far reaching as possible.
For Extension to continue to adhere to its mission, op-
portunities andbarriers that the organization confronts as it
engages in climate change programming must be consid-
ered (Prokopy et al. 2013). Within land-grant universities,
researchers are conducting studies and compiling infor-
mation on climate change, but Extension has not yet com-
prehensively translated that information into relevant and
meaningful programming (Prokopy et al. 2015b). Given
the disconnect that often exists between research faculty
and Extension personnel (Radhakrishna et al. 2014), the
difficulty in transforming climate knowledge into pro-
gramming should not come as a surprise. Ascertaining the
perceived challenges and opportunities to implementing
programming is important to increase the likelihood of
successfully encouraging behavior change (Burke 2002).
The current study addresses this need by exploring the
barriers and priorities that researchers and Extension
professionals at land-grant universities in the northeast-
ern United States perceive in translating scientific in-
formation into useful programming for agricultural and
natural resource audiences. While many previous studies
have investigated climate change beliefs among agricul-
tural stakeholders, including faculty and Extension pro-
fessionals (Breuer et al. 2010; Prokopy et al. 2015c;
Wojcik et al. 2014), less attention has been dedicated
to the challenges and opportunities that land-grant
universities must navigate to address climate variability
and change. This information is critical for universities to
develop informed strategic plans on how to allocate time,
money, and other resources to climate-related activities.
Through regression analyses, we identify key predictors
of perceived barriers and priorities among land-grant
university researchers, Extension specialists, and Exten-
sion educators.
2. Background and literature review
a. Climate change and agriculture in the Northeast
National planning in the United States for climate
change adaptation andmitigation has only recently begun
(Walthall et al. 2012). In 2013, the U.S. Department of
Agriculture established regional climate hubs with the
mission to assist land managers in their decision-making
on climate adaptation and mitigation through the devel-
opment and delivery of regionally relevant informa-
tion and tools. Recognizing that climate variability and
change impacts vary by geographic context, the USDA
established 10 hubs. In the Northeast, agencies of the
USDA provide leadership and have developed partner-
ships with the 16 land-grant universities, which exist in the
12 states composing the region (Connecticut, Delaware,
Maine, Maryland, Massachusetts, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, West
Virginia, and Vermont) and the District of Columbia.
The Northeast Climate Hub sought out these land-grant
universities as institutions with expertise in conducting
research, designing programs based on research findings,
and delivering those programs to target audiences. This
current study is part of a larger regional needs assessment
on behalf of the Northeast Climate Hub.
Agriculture in the northeastern United States is
marked by diversity in farms related to their size, pro-
duction techniques, commodities produced, and land-
scapes. Economically, dairy, field crops, tree fruits,
vegetables, poultry and eggs, berries and vine fruits, and
ornamentals are among the most important products to
the region (NASS 2014). However, the production of
these may be affected by climate change. Extreme pre-
cipitation events are expected to increase in frequency,
average temperatures are anticipated to climb upward,
warmer winters will likely become the norm, and longer
growing seasons are projected to continue (Hayhoe
et al. 2007; Horton et al. 2014; Kunkel et al. 2013). These
changes in climate will likely impact agriculture in the
Northeast through reduced yields and animal pro-
ductivity, flooding, crop damage, delayed plantings, heat
stress, and higher energy costs (Horton et al. 2014; Tobin
et al. 2015; Wolfe et al. 2008).
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Beyond agriculture, the Northeast also enjoys a wealth
of natural resources and diverse ecosystems. Forestland
covers a majority of the landscape in the Northeast, but
the region also includes grasslands, coastal zones, wet-
lands, and ocean and freshwater fisheries, all of which
provide important ecosystem services (Horton et al.
2014). As with the agricultural sector, climate change
poses serious implications for these ecosystems. Warmer
temperatures and more frequent droughts will likely
stress freshwater resources, reduce appropriate habitat
for a variety of tree species, and increase the likelihood of
wildfire (Butler et al. 2015; Tang et al. 2015; Wolfe et al.
2008). Rising sea levels, warmer temperatures, and ex-
treme precipitation events will compromise the integrity
of coastal zones and will encourage shifts in habitat for
and distribution of fish and shellfish (Colburn et al. 2016;
Horton et al. 2014). Biodiversity will experience threats
from invasive species, new pathogens, droughts, and
flooding intensified by climate change (Backland et al.
2008; Horton et al. 2014).
In general, evidence indicates that the climate in the
Northeast is undergoing change. Adaptive strategies
across the agricultural and natural resource sectors in
the Northeast have been identified, but more research
and outreach are needed to adequately prepare (Tobin
et al. 2015). Furthermore, the adoption of adaptive
strategies by land managers will require investments in
research and development, carefully planned commu-
nication strategies, and programs that are appropriate
and sensitive to the perspectives and priorities of target
audiences (Coale et al. 2011; Nash and Galford 2014;
Wolfe et al. 2008).
b. Land-grant universities and cooperative Extension
Land-grant universities are institutions of higher
education in the United States with the tripartite mis-
sion of teaching, research, and outreach. In 1862,
Congress passed the Morrill Act, which provided states
with public lands to generate revenue to invest in the
establishment of colleges. Emphasizing education on
agriculture and the mechanical arts, these colleges
‘‘‘democratize[d]’ higher education by supporting the
shift away from traditional liberal arts education for
the elite toward a more practical, useful higher edu-
cation for the majority of citizens’’ (Key 1996, p. 198);
25 years later, in 1887, the Hatch Act expanded the
scope of land-grants by providing federal grants to es-
tablish agricultural experiment stations, thereby
introducing a research mandate. Federal legislation
again extended the mission of land-grants with the
Smith–Lever Act of 1914, institutionalizing the Co-
operative Extension Service (McDowell 2003). Over
the years, federal legislation has expanded the land-grant
university system: in 1890 and 1994, Congress passed acts
to incorporate select historically black and Native
American universities, respectively (National Research
Council 1995).
The various functions of the land-grant university
require different types of professionals: teachers, re-
searchers, Extension specialists (who are typically uni-
versity based and often conduct applied research and
then translate the findings into educational curricula for
Extension programming), and Extension educators
(who are often county or region based and are re-
sponsible for delivering programs). Thus, through fed-
eral legislation and a combination of funding from
federal, state, and local governments, an organizational
pipeline was developed in which university faculty
conduct research and Extension specialists and educa-
tors apply the findings to the creation of educational
programs that are then delivered to the public.
During the course of the twentieth century, land-grant
universities played a critical role in transforming the
U.S. agricultural sector into one of the most competitive
and productive globally (McDowell 2003; Wang 2014).
During this time, the activities of land-grants and
Cooperative Extension also grew. While the original
focus centered on agricultural education and produc-
tion, land-grants began to incorporate research and
programming on diverse areas related to natural re-
sources, youth development, family and consumer sci-
ences, and community development (Gould et al. 2014;
Peters 2002). Guided by scientific research, Extension
became a preeminent, trusted source of information for
common citizens (Prokopy et al. 2015b). Even contem-
porarily, citizens view Extension as a trusted source of
information on difficult topics such as biotechnology
(Ekanem et al. 2006), disaster response (Cathey et al.
2007), and climate change (Hibbs et al. 2014), even if its
influence is waning as the organization confronts budget
cuts and the emergence of other agricultural advisors
(Prokopy et al. 2015b).
Despite their substantial contributions to U.S. agricul-
ture and the public good, land-grant universities and
Extension have not existed without criticisms. The
Kellogg Commission (1999), for example, called for land-
grants to recalibrate their scholarship to be more re-
spectful of and responsive to community needs and
priorities. This call for engaged scholarship dovetails with
criticisms levied at the communication strategies of Ex-
tension as mostly top–down instead of collaborative and
two-way (Boyer 1990; Colasanti et al. 2009; Peters 2002).
Further complicating matters for Extension, there have
been ongoing budget cuts and resource constraints. As a
result, Prokopy et al. (2015b) summarizes that Extension
has become less influential as a source of information on
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topics related to marketing, soil conservation, fertilizer
application, and climate change.
c. Barriers and opportunities to climate change
programming
Extension programming is often aimed at increasing
knowledge and awareness and sustaining or adopting
positive behaviors of target audiences. Thus, Extension
often demonstrates its value and impact by documenting
behavior change among program participants (Clements
1999). It is commonly recognized that assessing barriers
and opportunities to achieving behavior change is an es-
sential undertaking that must be first completed before
seeking to implement programming (Burke 2002). As
McKenzie-Mohr and Smith (1999, p. 9) articulate, ‘‘If any
form of sustainable behavior is to be widely adopted,
barriers that impede people from engaging in the activity
must be first identified.’’ According to Burke (2002), an
array of individual and organizational barriers often exist
that can impede organizational change. Examples include
individual knowledge and skills, workplace environment,
leadership style and priorities, institutional purpose and
mission, performance evaluations, ideological or political
differences, and lack of felt urgency (Burke 2002).
Within Extension, several studies have been conducted
to assess barriers to and opportunities for effective pro-
gramming (Brain et al. 2009; Rennekamp and Gerhard
1992; Richardson et al. 2003). Common barriers to de-
veloping effective programming include lack of in-
centives to pursue a particular initiative, information
inundation, communication problems with target audi-
ences, and lack of interest or awareness among target
audiences (Brain et al. 2009). In terms of opportunities,
strategically utilizing emerging technologies (such as so-
cial media and smartphones) has been commonly iden-
tified as having potential for innovatively disseminating
information (Allred and Smallidge 2010; Brain et al. 2009;
King and Boehlje 2000; Williamson and Smoak 2005).
Still, peer-to-peer exchange continues to be valued by
target audiences and must continue to be embedded
within Extension programming (Floress et al. 2011;
Grudens-Schuck et al. 2003; Ma et al. 2012). Communi-
cation among research faculty andExtension personnel is
also essential, although Radhakrishna et al. (2014) found
that misperceptions between these two groups often im-
pede the integration of their work. Despite this difficulty,
collaboration between research faculty and Extension
professionals is important because they are usually ad-
dressing complex issues requiring interdisciplinary ap-
proaches (Guion 2009).
As the impacts of climate variability and change in-
tensify, researchers have begun to explore barriers to
Extension programming. Burnett et al. (2014) assessed
perceptions ofExtension professionals inNorthCarolina,
finding lack of audience interest, conflicting information,
and lack of applied information as the three barriers of
greatest concern. The barrier perceived as most limiting,
lack of audience interest, was identified to be related to
the skepticism that target audiences often express re-
garding anthropogenic climate change (Arbuckle et al.
2013; Liu et al. 2014; Prokopy et al. 2015a; Rejesus et al.
2013). The doubts expressed by target audiences re-
garding human-caused climate change intersect with is-
sues of the communication of climate change. Arbuckle
et al. (2015), for example, indicate that framing the need
for change in terms of adapting to variable weather may
be more effective than using the term ‘‘climate change.’’
Likewise, Jemison et al. (2014) found that farmers often
implement adaptation strategies but usually identify their
reasons as motivated by reasons other than climate
change, such as economic viability or the pursuit of food
security. Thus, as Monroe et al. (2015) outline, commu-
nication strategies regarding climate change need to be
adjusted according to specific target audiences: while
those already convinced that anthropogenic climate
change is occurring will likely be receptive to climate
science, dismissive audiences will likely be more amena-
ble if issues are framed in terms of weather variability.
Still, the importance of conveying scientific information
about the causes of climate change should not be ignored.
Arbuckle et al. (2013) found that those farmers who be-
lieve in anthropogenic climate change are more receptive
to adaptation and mitigation strategies than those
farmers who are skeptical. Furthermore, becauseweather
and climate represent different phenomena, broader is-
sues of using those two terms interchangeably exist. It is
important to discuss whether trust could potentially be
eroded among target audiences if Extension programs
utilize ‘‘weather’’ when what is really meant is ‘‘climate.’’
Given the varied strategies required to communicate
climate information with farmers, Diehl et al. (2015)
argue that Extension educators need to cultivate their
communication skills. Difficulties regarding communi-
cating information do not just exist between those who
work at land-grant universities and target audiences.
According to Prokopy and Power (2015), as well as
Wojcik et al. (2014), many Extension educators them-
selves are uncertain about human-caused climate
change and do not believe in human causation to the
same degree as land-grant scientists, meaning that Ex-
tension educators require more training on climate in-
formation (Dinon et al. 2012).
Further complicating matters is the need to develop
local-level responses, especially important given the
variability of changes in the climate across locations
(Brugger and Crimmins 2015; Hibbs et al. 2014). For
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example, Mase and Prokopy (2014) highlight that agri-
cultural stakeholders are particularly skeptical of the
accuracy of weather and climate forecasts and models at
the local level, while natural resource professionals ex-
press concern that they lack locally relevant strategies to
adapt to climate change (Allred et al. 2016). Bartels
et al. (2013) explain that a disconnect often exists be-
tween climate projections and how those projections
impact specific localities.
Collectively, the literature indicates that land-grant
universities confront an array of challenges as they seek
to translate their research on climate variability and
change into Extension programming. However, oppor-
tunities also exist for land-grant universities to pursue
effective climate programming. For example, Brugger
and Crimmins (2015) argue that Extension educators are
uniquely positioned in local contexts to help facilitate
flexible responses to climate variability and change
among farmers. Likewise, Prokopy et al. (2015c) assert
that ensuring reciprocal communication between agri-
cultural audiences and scientists will better ensure that
their research is appropriate and relevant. Indeed, Ex-
tension is well positioned to fill this role as communica-
tion facilitators between those who generate information
and those who use that information (Burnett et al. 2014;
Colasanti et al. 2009; Wojcik et al. 2014).
3. Methods
a. Participants
To define the Northeast region, we utilized the defi-
nition established by the USDA as it developed the
Northeast Climate Hub. The 16 land-grant universi-
ties were University of Connecticut, Cornell Univer-
sity, University of Delaware, Delaware StateUniversity,
University of District of Columbia, University of Maine,
University of Maryland, University of Maryland East-
ern Shore, University of Massachusetts, University of
New Hampshire, The Pennsylvania State University,
University of Rhode Island, Rutgers University, Uni-
versity of Vermont, West Virginia University, and West
Virginia State University.
Within the land-grant universities, the sampling frame
consisted of all faculty who had appointments in colleges
of agriculture as well as all Extension specialists and
educators who worked in programmatic areas related to
agriculture, natural resources, or forestry at the uni-
versity or in regional or county Extension offices. Al-
though the organizational structures of the universities
varied, we selected the colleges and programmatic areas
at each university that contained relevant disciplines
(e.g., agriculture, natural resources, or forestry). By
including all faculty and Extension personnel, the sam-
pling frame included individuals who might not conduct
work related to climate change, but we decided to con-
struct an inclusive frame that provided respondents the
opportunity to self-identify whether and how their work
intersects with climate change, if at all. In total, the
survey was sent to 3757 participants.
b. Instrumentation
An online survey was developed using Qualtrics in
which respondents were asked to answer a series of
semi-closed-ended questions. Independent variables
included disciplinary focus, university, appointment at
university, percentage of time dedicated to climate ac-
tivities, level of education, age, and gender. University
appointment was considered across four categories:
administrator/director, research faculty (those faculty
with no Extension appointment), extension specialist
(those faculty with an Extension appointment), and
Extension educator. The dependent variables related to
barriers consisted of Likert-type scales (1 5 not at all a
barrier to 5 5 a major barrier). Individual items were
categorized according to three conceptual areas of bar-
riers: information (eight items), workplace (seven
items), and target audiences (eight items; see Table 2).
For priorities, respondents were asked to rank the top
five most important activities among a list of 17. Con-
struction of these barrier and prioritymeasurements was
based on the literature and enhanced through a panel of
experts representing diverse disciplines including soil
science, natural resource management, forest manage-
ment, environmental science, and program evaluation.
It is important to note that the instrument focused ex-
clusively on climate change, defined as any significant
change in the measures of climate that occurs over
several decades or longer. Though we are aware that
important differences exist between such terms as cli-
mate change, climate variability, and weather variabil-
ity, we opted to emphasize only climate change to ease
the burden on respondents and in accordance with the
concepts emphasized by previous studies (Arbuckle
et al. 2013; Lenart and Jones 2014; Hibbs et al. 2014;
Prokopy et al. 2015c). Given that the population for this
study was university faculty and Extension personnel,
we were confident that the term climate change would
be well understood. However, we recognize that mea-
suring perspectives on climate change with other pop-
ulations is considerably more difficult, and careful
attention must be paid to the terminology utilized.
To ensure validity and reliability, the instrument was
pilot tested by researchers and Extension personnel
from land-grant universities in the southeastern United
States. Pilot responses facilitated changes to ensure that
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adequate reliability existed on the three barrier con-
structs as well as an overall construct combining the
three barrier scales. Cronbach’s alpha ranged from 0.67
to 0.86, which very closely adheres to the standard that
adequate reliability is achieved with alpha scores of 0.70
and above (George and Mallery 2002).
c. Data collection and analysis
Data collection was informed by the Tailored Design
Method (Dillman et al. 2009) and occurred, after re-
ceiving IRB approval, over a six-week period in April–
May 2015. Deans from each of the 16 universities signed
letters encouraging their research faculty and Extension
personnel to complete the survey. After this initial re-
cruitment effort, all respondents received the link to the
survey. Given that the timing of data collection corre-
sponded with the end of the academic semester, we
opted to contact nonrespondents a total of five times
on a weekly basis to maximize the response rate. All of
these e-mail contacts were distributed from the lead
author’s university for organizational purposes. Of the
3757 faculty and staff who were sent the survey, there
were 1211 responses for a response rate of 32.2%.
Once data collection was complete, the data were
transferred from Qualtrics to Statistical Package for
Social Sciences (SPSS) version 22. Given that the study
was designed to identify the perceived barriers to and
priorities for designing and delivering climate change
programming, we decided to consider only those re-
spondents who had at least 1%of their time dedicated to
climate change–related activities for analysis. Of the
1211 respondents, 554 (45.7%) met this criterion. We
are confident that this sample size is adequate, given the
recommendations provided by Krejcie and Morgan
(1970) seeking a 5% sampling error and 95% confidence
interval. While those who dedicate a small portion of
their time on climate change are likely not experts in
climate science or climate education, we nonetheless
included them for analysis to determine if and how their
perspectives differed from those who had more of their
time allocated to climate change. In other words, our
interest lied in the diversity of opinions that existed
among those working on climate activities, not just those
who might be considered experts in the area.
After checking for normality, several variables were
transformed to adhere to statistical assumptions. Re-
sponses to disciplinary focus were aggregated into four
categories to ensure adequate representation across the
sample: agriculture and food (including disciplinary
areas related to plant science, horticulture, animal sci-
ence, cropping systems, food science, nutrition, etc.),
environment (including disciplinary areas related to en-
vironmental science, ecosystem science andmanagement,
environmental policy, etc.), natural resources (including
areas related to water resources, atmospheric science,
forestry, natural resource management, earth science,
etc.), and social sciences (including disciplinary areas
related to economics, sociology, communication, tour-
ism, education, etc.). In addition, the 16 universities
were grouped into four regions: northern New England
(Maine, New Hampshire, and Vermont), southern
New England (Massachusetts, Rhode Island, and Con-
necticut), mid-Atlantic (New York, Pennsylvania, New
Jersey, and Delaware), and southern (Maryland, West
Virginia, and District of Columbia). The percentage of
time dedicated to climate change work was also aggre-
gated from a six-level variable to a two-level variable to
ensure adequate representation across levels.
After data cleaning, verifying that data were entered
by cross checking with survey responses, we analyzed
the data using a variety of descriptive and inferential
statistics. Analysis culminated in a series of regression
models. To assess barriers, linear regressions were con-
ducted that first considered the three barrier scales
(information, workplace, and target audiences) as de-
pendent variables and then combined those scales for an
overall model. The barrier scales related to information
and target audiences both had eight items and so had a
theoretical range (based on a five-point scale) of 8–40
with a theoretical midpoint of 24, the theoretical range
for the scale related to workplace barriers was from 7 to
35 with a theoretical midpoint of 21, and the overall
scale that included all items across all three scales had a
theoretical range from 23 to 115 with a theoretical
midpoint of 69. For each scale, a composite mean score
was also calculated by averaging all of the means of in-
dividual items within each of the three scales.
The items were ranked according to the number of
respondents, indicating that a particular item was one of
their top five priorities. Because 17 items in total existed
but respondents only ranked their top five, missing data
limited options for regression analysis. We transformed
those priority items that had at least 10 cases for each
independent variable (Agresti 2007) into nominal vari-
ables (0 5 did not rank item in the top five; 1 5 ranked
the item in the top five) and ran logistic regression
models. For both linear and logistic regression models,
independent variables included disciplinary areas [four
variables: agriculture and food (0 5 no; 1 5 yes), envi-
ronment (0 5 no; 1 5 yes), natural resources (0 5 no;
1 5 yes), and social sciences (0 5 no; 1 5 yes)], region
(three variables with northern New England as refer-
ence category across all of them), education (0 5 mas-
ter’s degree or below; 15 doctorate), percentage of time
dedicated to climate change (0 5 1%–20%; 1 5 21%–
100%), university appointment (two variables with
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Extension educator as reference category to compare
with Extension specialist and research faculty), gender
(0 5 male; 1 5 female), and age.
4. Findings
a. Respondent demographic profile
The demographic profile of the respondents indicates
that research faculty (considered as those with no Ex-
tension appointment) had the most representation
(44.2%), although 49.0% had an affiliation with Exten-
sion: 22.7% of the sample self-identified as Extension
specialists (faculty with an Extension appointment), and
26.3% self-identified as Extension educators. Although
6.7% of respondents had roles as either administrators or
directors, they were excluded from regression analyses
because of their lack of representation. The majority of
respondents (66.8%) had only 1%–20% of their time
dedicated to climate change–relatedwork, approximately
doubling the percentage of respondents who had 21%–
100% of their time dedicated to climate change–related
work (33.2%). In terms of disciplinary areas, those who
worked on issues related to agriculture and food had the
most representation (30.5%), followed by natural re-
sources (28.2%), while environment (22.6%) and social
sciences (16.4%) were least represented. The mid-
Atlantic had the most number of respondents (53.3%)
across the four regions followed by northern New En-
gland (20.8%). Finally, a majority of respondents had
received education through the doctoral level (66.8%)
and were male (59.5%). Table 1 presents an overview of
the demographics of respondents.
b. Barriers to climate change programming
As the dependent variables for linear regression
models, the items making up the barrier scales were
explored using descriptive statistics. In terms of in-
formation barriers, respondents indicated the primary
barriers as not having enough information specific to
local needs [mean (M) 5 3.34, standard deviation
(SD) 5 1.16], not having specific adaptation practices
to share with audiences (M5 3.29, SD5 1.21), and not
having adequate specific mitigation practices to share
with audiences (M 5 3.23, SD 5 1.22). Still, the means
of these information barriers were ranked only slightly
above the midpoint (3.0) on the Likert-type scale of
1 5 not at all a barrier to 5 5 a major barrier. Collec-
tively, the mean of the eight items constituting the in-
formation barriers scale (M 5 22.83, SD 5 6.56) was
slightly below the theoretical midpoint of 24. For
workplace barriers, lack of funding (M 5 3.83, SD 5
1.23) and not enough time (M 5 3.63, SD 5 1.29) were
the only two items identified by respondents as barriers,
and the overall mean (M 5 17.47; SD 5 5.05) was below
the theoretical midpoint of 21.
Although the composite mean score for target audi-
ence barriers was higher (3.08) than the other two bar-
rier scales (2.85 for information barriers and 2.50 for
workplace factors), it was still just slightly above the
theoretical midpoint of three. Target audiences per-
ceiving that changing their practices is too costly was the
individual barrier identified as the most challenging
(M 5 3.53, SD 5 1.16), followed by the actual costs for
target audiences to change practices (M 5 3.20, SD 5
1.13), target audiences not having adequate awareness
of climate change impacts (M 5 3.16, SD 5 1.26), cli-
mate change not being a priority issue for target audi-
ences (M 5 3.14, SD 5 1.32), the perception among
target audiences that the risk is too high to adopt new
TABLE 1. Demographic profile of respondents.
Variable n %




Extension specialist 123 22.7
Extension educator 145 26.3
Administrator/director 37 6.7

















Region (n 5 553)
Northern New England 115 20.8
Southern New England 77 13.9
Mid-Atlantic 295 53.3
Southern Northeast 66 11.9
Education (n 5 552)
Master’s and below 183 33.2
Doctorate 369 66.8
Gender (n 5 538)
Female 218 40.5
Male 320 59.5
Age 52.5 (M) 11.3 (SD)
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technologies (M 5 3.10, SD 5 1.14), and that climate
change is a contentious topic among target audiences
(M 5 3.08, SD 5 1.35). Overall, the mean score of the
target audience barrier (M 5 24.59, SD 5 6.55) was
slightly above the theoretical midpoint of 24. When
considering all barriers together, the mean score was
65.24 (SD 5 13.97), below the theoretical midpoint of
69. Table 2 presents the means and standard deviations
for all barrier items and scales.
c. Predictors of barriers to climate change
programming
To determine the significant predictors of perceived
barriers to developing and designing programs on climate
change for farmer and natural resource manager audi-
ences, we conducted a series of linear regression models
on each of the barrier scales: informational, workplace,
target audiences, and an overall model summating all
items across the three scales. All four models were found
to be significant: the information model explained 15.0%
of variance, the workplace model explained 9.0% of
variance, the target audience model explained 8.0% of
variance, and the overall model explained 17.0% of var-
iance (Table 3). In particular, the percentage of time
dedicated to climate change–related work emerged as a
significant predictor for all models except for the one
measuring barriers related to target audiences.Across the
three models, those who had only 1%–20% of their time
dedicated to climate change–related work perceived
more challenges than those who had 21%–100% of their
time dedicated to climate change–related work. Educa-
tion level was also found to be a significant predictor
across all models except for barriers related to workplace
factors. Consistently, those who held doctorates per-
ceived fewer challenges than those with master’s degrees
or below. Younger respondents perceived higher barriers
related to target audiences than older respondents. Fi-
nally, those in the southern subregion perceived higher
TABLE 2. Mean scores and standard deviations of barrier items and scales. Mean computed on a scale of 1 5 not at all a barrier to
5 5 a major barrier.
Barriers M SD
Information
Not enough information specific to local needs (n 5 531) 3.34 1.16
Lack of specific adaptation practices to share with audiences (n 5 528) 3.29 1.21
Lack of specific mitigation practices to share with audiences (n 5 533) 3.23 1.22
Lack of decision-making tools (n 5 523) 3.01 1.14
Lack of training on climate change issues (n 5 532) 2.73 1.31
Too much information to interpret effectively (n 5 529) 2.53 1.20
Lack of access to expert knowledge (n 5 533) 2.49 1.25
Lack of clarity in terms of what causes climate change (n 5 528) 2.24 1.38
Mean composite score 2.85 1.23
Total (n 5 504) 22.83 6.56
Workplace factors
Lack of funding (n 5 543) 3.83 1.23
Not enough time (n 5 542) 3.63 1.29
Topic is politically contentious (n 5 539) 2.34 1.43
Not part of my job responsibility (n 5 540) 2.28 1.34
Not viewed as priority by supervisor/management (n 5 538) 2.22 1.33
Not a priority for promotion/tenure (n 5 534) 1.83 1.20
Not interested in the topic (n 5 535) 1.43 0.89
Mean composite score 2.50 1.24
Total (n 5 524) 17.47 5.05
Target audiences
Perception that changing practices is too costly (n 5 535) 3.53 1.16
Real costs are too high to change practices (n 5 529) 3.20 1.13
Lack of awareness of climate change impacts (n 5 535) 3.16 1.26
Not a priority issue (n 5 533) 3.14 1.32
Perception that risk is too high to adopt new technologies (n 5 525) 3.10 1.14
Topic is contentious (n 5 533) 3.08 1.35
Actual risk is too high to adopt new technologies (n 5 525) 2.76 1.04
Too difficult an issue to communicate (n 5 531) 2.67 1.23
Composite mean score 3.08 1.20
Total (n 5 516) 24.58 6.55
Overall barriers (N 5 475) 65.24 13.97
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barriers with target audiences than those in the other
three subregions in the Northeast.
d. Priorities for climate change research and
programming
To determine the priorities for future initiatives on
climate change within land-grant universities, re-
spondents selected five priorities they considered most
important among a list of 17 options. To rank the items,
we considered the number of respondents who indicated
that a particular item was among their top five (Table 4).
To better understand the relationship between re-
spondent characteristics and their priorities, individual
priority items that had a sufficient number of cases [at
least 10 for each predictor variable according to Agresti
(2007)] were analyzed using logistic regression models.
Of the 17 priority items, 11 met this criterion (number of
respondents ranking item in their top five.130 cases). Of
the 11 models run, 5 of them were significant (those that
were not significant were securing funding for applied
research, developing decision support tools and websites,
conducting cost–benefit analyses, providing training to
land managers, developing new models and seasonal
forecasts, developing new course curricula, supporting
networks of land managers, creating networks among
professionals, conducting risk assessments, developing
planning and geospatial tools, creating early warning
systems, and monitoring resource consumption). Table 5
presents the findings from the five significant models.
In terms of the priority of training Extension educa-
tors and providing them support on climate change, the
model is significant (p , 0.001) and explains 19% of
variance according to Nagelkerke R squared. Specifi-
cally, research faculty [Exp(B) 5 0.46, p , 0.05], those
from the southern subregion [Exp(B) 5 3.01, p , 0.01],
and those with doctorate degrees [Exp(B) 5 0.36,
p , 0.01] placed significantly more emphasis on this
priority than their counterparts. The model on develop-
ing new toolkits of adaptation and mitigation resources
and materials (p , 0.05) explained 7% of variance and
had three significant predictors. Research faculty [Exp
(B)5 0.44, p, 0.05), those working in disciplinary areas
related to agriculture and food [Exp(B)5 1.69, p, 0.05],
and those with doctorate degrees [Exp(B) 5 1.94, p ,
0.05] were more likely to rank this priority item in their
top five than their respective counterparts. Better un-
derstanding land managers’ attitudes and needs for re-
search and Extension was also significant at the p , 0.05
level and explained 7% of variance. The only significant
predictor in this model was those working at universities
in the mid-Atlantic region [Exp(B) 5 0.57, p , 0.05].
The model with the most significant predictors was for










Standardized regression coefficients (standard error)
University appointment (reference: Extension educator)
Appointment 1 (1 5 research faculty) 20.14 (1.15) 20.15 (0.88) 0.02 (1.09) 20.13 (2.41)
Appointment 2 (1 5 Extension specialist) 20.03 (1.08) 20.12 (0.83) 0.11 (1.03) 0.00 (2.25)
% time dedicated to climate change (1 5 21%–100%) 20.13a (0.77) 20.19b (0.61) 20.07 (0.73) 20.15a (1.65)
Disciplinary area
Agriculture and food (1 5 yes) 0.07 (0.70) 0.00 (0.55) 0.05 (0.68) 0.06 (1.50)
Environment (1 5 yes) 20.06 (0.79) 0.01 (0.61) 0.01 (0.76) 20.03 (1.67)
Natural resources (1 5 yes) 20.02 (0.71) 20.08 (0.56) 0.01 (0.69) 20.04 (1.52)
Social sciences (1 5 yes) 20.05 (0.87) 0.03 (0.67) 20.02 (0.85) 20.04 (1.84)
Region (reference: northern New England)
Region 1 (1 5 southern Northeast) 0.04 (1.18) 0.08 (0.94) 0.16a (1.16) 0.13c (2.56)
Region 2 (1 5 mid-Atlantic) 20.03 (0.83) 0.02 (0.64) 0.07 (0.79) 20.03 (1.7)
Region 3 (1 5 southern New England) 0.04 (1.12) 0.07 (0.85) 20.01 (1.07) 0.04 (2.39)
Education (1 5 doctorate) 20.21a (1.01) 20.07 (0.77) 20.15c (0.96) 20.20a (2.11)
Gender (1 5 female) 20.01 (0.64) 0.02 (0.50) 20.07 (0.62) 20.03 (1.37)
Age 20.05 (0.02) 20.03 (0.02) 20.17b (0.02) 20.10c (0.06)
R2 adjusted 0.15 0.09 0.08 0.17
F value 6.07b 4.06b 3.92b 6.70b
Cases 380 395 392 358
a p , 0.01
b p , 0.001
c p , 0.05
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the priority item of securing funding for basic research,
significant at the p , 0.001 level and explaining 23% of
variance. The significant predictors in this model included
those dedicating more of their time to climate change–
related work [Exp(B) 5 2.62, p , 0.001], those working
on agriculture and food issues [Exp(B)5 2.26, p, 0.01],
those with doctorate degrees [Exp(B) 5 2.32, p , 0.05],
andwomen [Exp(B)5 0.58, p, 0.05]. Finally, the priority
of making policy recommendations was significant at the
p, 0.001 level and explained 14%of variance.Within this
model, social scientists [Exp(B) 5 3.30, p , 0.001] and
those with doctorate degrees [Exp(B) 5 3.23, p , 0.01]
were the significant predictors.
5. Discussion
This study is premised on two main assumptions: 1) a
need exists to build the capacity of land-grant universi-
ties so they continue to be relevant in confronting cli-
mate variability and change, and 2) for land-grant
universities to effectively respond to climate challenges
in the agricultural and natural resource sectors, it is es-
sential to address barriers to researchers and Extension
personnel and strategically orient activities according to
key priorities. In terms of information barriers, re-
spondents indicated concern regarding the degree to
which available climate change information can be
translated to local contexts. These findings align with
previous studies that have called attention to the dis-
connect that often exists between projections and local
needs (Bartels et al. 2013; Mase and Prokopy 2014).
Developing newdecisions tools and adaptation/mitigation
toolkits, two priorities identified by respondents as
important, can be viewed as ways to efficiently dis-
seminate information to audiences. However, devel-
oping online resources requires investments in these
initiatives as well as strategic collaborations across
both academic disciplines (climatologists, soil scien-
tists, etc.) and technical skills (programmers, website
designers, etc.). Furthermore, evaluating the impacts of
new tools and resources is also critical so that their
value among target audiences can be assessed.
Broad concerns about funding also existed among re-
spondents. Securing funding for applied research
emerged as the top future priority and lack of funding and
time were found to be the most critical challenges of the
workplace barriers. Ideally, investments of both time and
money will be made more available by federal and state
governments, philanthropic organizations, and land-
grant universities. Undoubtedly, the current political at-
mospheremakes it difficult for researchers andExtension
personnel to obtain funds for climate change–related
work. Therefore, efficient and well-conceived strategies
must be implemented. Because climate variability and
change requires perspectives across disciplines and has
implications for society across sectors, land-grant uni-
versities should encourage its faculty and staff to embed
climate issues into their existing teaching, research, and
Extension activities. Furthermore, land-grant universities
should allocate seed funding to interdisciplinary teams
that pursue projects with multipronged outcomes. Es-
tablishing networks that reach across disciplines, colleges,
and universities is necessary to leverage the resources
that already exist. Efforts that simultaneously enhance
productivity and environmental quality while also re-
sponding to climate change impacts should be emphasized.
TABLE 4. Rankings of climate change priorities.
Rank Climate change priorities n % (n 5 554)
1 Securing funding for applied research 321 57.9
2 Training Extension educators and providing them support on climate change 297 53.6
3 Developing decision support tools and websites for Extension, consultants, and farmers 287 51.8
4 Conducting cost–benefit analysis on implementing adaptation/mitigation strategies 241 43.5
5 Developing new toolkits of adaptation and mitigation resources and materials 214 38.6
6 Better understanding land managers’ attitudes and needs for research and Extension 212 38.2
7 Securing funding for basic research 175 31.5
8 Providing training to land managers on climate change 166 29.9
9 Developing new models and seasonal forecasts of climate change impacts 154 27.7
10 Making policy recommendations 149 26.8
11 Developing new course curriculum for university students 145 26.1
12 Supporting networks of land managers to share information 120 21.6
13 Creating networks among professionals 106 19.1
14 Conducting risk assessments 101 18.2
15 Developing planning and geospatial tools 96 17.3
16 Creating early warning systems 69 12.4
17 Monitoring resource consumption 50 9.0
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Conducting cost–benefit analyses may both provide
farmers information about the financial risk involved in
taking adaptive action, while also demonstrating the value
of applied projects to external funding agencies.
Target audiences appeared to present the most chal-
lenging barriers to respondents, who indicated that the
concerns of target audiences regarding the cost or ne-
cessity of responding to climate change, whether per-
ceived or real, inhibit the effectiveness of research and
programming. These respondent concerns, however, can
be readily addressed through the future priorities they
have identified. Providing more training for Extension
educators and conducting cost–benefit analyses can pro-
vide important information about potential economic
benefits or consequences to adapting to and mitigating
climate change. Findings from cost–benefit analyses on
implementing specific adaptation/mitigation strategies
should be used in developing educational materials.
Packaging information in ways that effectively commu-
nicate issues of risk to target audiences may help address
their concerns. To do so, diverse disciplines such as
agricultural communications, agricultural economics,
and climate science should be represented. In addition,
providing more comprehensive trainings to Extension
educators on the economics of adaptation andmitigation,
climate projections, and communication strategies would
also adhere to previous recommendations (Diehl et al.
2015). With any of these translational efforts, careful at-
tention must be paid to how the information is being
conveyed. Both researchers and Extension professionals
must identify the language that will be most effective
when interacting with target audiences. As Monroe et al.
(2015) indicate, framing issues in terms of productivity or
weather variability will likely be better received among
audiences dismissive of human-caused climate change.
The goal for research and programs must squarely focus
on building resilient agricultural and ecological systems
as opposed to convincing skeptics to change their climate
change beliefs. At the same time, identifying communi-
cation strategies to engage all audiences in climate sci-
ence is also important, given that Arbuckle et al. (2013)
found that those farmers who believe in human-caused
climate change are more receptive to adaptation and
mitigation strategies.
Although respondents indicated that they perceive bar-
riers to their climate change research and programming, the
















Exp(B), SE Exp(B), SE Exp(B), SE Exp(B), SE Exp(B), SE
University Appointment
(reference: Extension educator)
Appointment 1 (1 5 research
faculty)
0.46,a 0.39 0.44,a 0.38 0.69, 0.37 2.06, 0.45 1.27, 0.046
Appointment 2 (1 5 Extension
specialist)
1.15, 0.38 0.74, 0.36 0.65, 0.35 0.64, 0.46 1.07, 0.044
% time dedicated to climate change
(1 5 21%–100%)
1.28, 0.35 0.74, 0.26 0.90, 0.33 2.62,b 0.026 1.09, 0.026
Disciplinary area
Agriculture and food (1 5 yes) 1.14, 0.24 1.69,a 0.22 1.15, 0.23 2.26,c 0.26 1.05, 0.26
Environment (1 5 yes) 1.00, 0.26 1.03, 0.26 0.85, 0.26 1.04, 0.28 1.08, 0.28
Natural resources (1 5 yes) 0.79, 0.24 0.89, 0.24 1.47, 0.23 0.83, 0.26 1.07, 0.26
Social sciences (1 5 yes) 0.72, 0.29 0.82, 0.29 1.45, 0.27 0.87, 0.32 3.30,b 0.29
Region (reference: northernNewEngland)
Region 1 (1 5 southern Northeast) 3.01,c 0.41 1.01, 0.39 1.00, 0.38 1.38, 0.43 0.70, 0.49
Region 2 (1 5 mid-Atlantic) 1.27, 0.27 1.04, 0.28 0.57,a 0.26 1.38, 0.30 1.75, 0.31
Region 3 (1 5 southern New England) 1.50, 0.37 1.32, 0.36 0.61, 0.36 1.06, 0.40 1.48, 0.40
Education (1 5 doctorate) 0.36,c 0.35 1.94,a 0.34 1.04, 0.33 2.32,a 0.41 3.23,c 0.42
Gender (1 5 female) 1.12, 0.22 1.46, 0.22 1.48, 0.21 0.58,a 0.25 1.00, 0.24
Age 1.01, 0.01 1.00, 0.10 0.98, 0.00 1.00, 0.01 0.99, 0.01
Chi squared 64.50b 22.24a 22.40a 74.13b 43.64b
Nagelkerke R squared 0.19 0.07 0.07 0.23 0.14
Cases 415 415 415 415 415
a p , 0.05
b p , 0.001
c p , 0.01
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challenges should not be overstated since most mean
scores hardly exceeded the theoretical midpoints.
Nonetheless, addressing the barriers that university
personnel do perceive, however strong, is important. To
provide further analysis, regression models determined
significant predictors of barriers related to information,
workplace, and target audiences. The findings revealed
that those who have less of their time dedicated to cli-
mate change–related work perceive more challenges,
particularly with information and in the workplace.
Given the complexity of climate change and the re-
source constraints, it comes as no surprise that those
who have more time devoted to work on climate change
experience these challenges less acutely. Regional dif-
ferences also significantly predicted perceptions of bar-
riers. Those in the southern subregion perceived that
they experienced more difficulty interacting with target
audiences on climate change issues than their counter-
parts in other subregions. According to Howe et al.
(2015), the residents of the southern subregion, partic-
ularly West Virginia, are skeptical of anthropogenic
climate change. Finally, those who held educational
levels lower than a doctorate perceived more in-
formation barriers, and both they and those who were
younger perceived more barriers related to target au-
diences. Given the intensive coursework, deep knowl-
edge, and expertise developed through doctoral
training, it makes sense that they perceive fewer chal-
lenges with how to interpret and utilize climate change
information. Likewise, those who are younger and less
educated may feel like they have less experience and
fewer tools than older and more educated populations
who have had more time to engage in complex issues.
Our analysis also aimed to identify important pre-
dictors of future priority action items for land-grant uni-
versities. Perhaps most noteworthy are the number of
models for priority action items that were either not sig-
nificant at all or explained little variance. In other words,
the findings from these analyses seem to indicate that the
relative importance of each future priority item was rel-
atively consistent across personal and professional char-
acteristics. The lack of significance should perhaps be
taken as a sign that general agreement among faculty and
Extension personnel exists across the northeastern land-
grant universities. However, several variables did emerge
as having predictive power for those models that were
significant. For example, those in the southern subregion
placed more emphasis on training Extension educators,
which complements the finding that university personnel
in the same subregion perceive more barriers with target
audiences. Likewise, research faculty and those with
doctorate degrees placed more emphasis on training
Extension educators and developing new toolkits than
their counterparts. Perhaps related to the finding that
those who have less than a doctorate perceive more in-
formation barriers, this finding indicates that research
faculty recognizes that there is a gap in understanding and
relevant materials for those who do not have similar
levels of education. Previous calls to better integrate the
various roles in land-grant universities are therefore
critically needed (Bartels et al. 2013; Diehl et al. 2015;
Fraisse et al. 2009).
6. Conclusions
The findings from this study provide important in-
formation to guide strategic planning for research and
educational programming on the impacts on and re-
sponses to climate change for the agricultural and natural
resource sectors. According to Extension practitioners
and researchers in the Northeast, the primary barriers
that land-grant universities in the Northeast must address
are providing more locally appropriate climate informa-
tion and adaptation/mitigation strategies, investing more
funds and time, and developing effective communication
strategies with audiences who tend to be hesitant to
proactively adapt to andmitigate climate change. Careful
consideration of how to package information in ways that
are meaningful, understandable, and useful can help
minimize negative perceptions that target audiences may
have regarding climate impacts. As land-grant universi-
ties contend with these challenges, further research will
need to investigate whether the determining factors that
motivate farmers and natural resourcemanagers to adapt
to or mitigate climate change differ. Haden et al. (2012)
found farmers often took mitigative action when they
were broadly concerned about the long-term and societal
impacts of climate change, while worries about local im-
pacts often motivated adaptation. Therefore, identifying
whether research and programs are intended to encour-
age adaptation and/or mitigation is necessary to ensure
that those activities are well conceived and realistic in
their goals and objectives.
Furthermore, initiatives by land-grant universities
should not be uniform across all subregions. For example,
given that those from the southern subregion perceive
more challenges with target audiences, introductory in-
formation on how climate change poses threats to the
agricultural and natural resource sectors will likely be
more necessary to focus on initially than in other sub-
regions where the populations are more receptive to ad-
vanced information on the implications of climate
change. These issues indicate a need to further investigate
the kinds of communication techniques that are most
effective across different kinds of audiences. The findings
from this study provide initial guidance for land-grant
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universities in structuring their activities related to cli-
mate variability and change. For example, there needs to
be a particular focus, regardless of region, on providing
locally and regionally specific information on climate
impacts and cost-effective adaptation and mitigation
strategies. However, more specific information regarding
what motivates target audiences to take action is a nec-
essary next step. Investigating if and how target audi-
ences’ responses change as adaptation and mitigation
strategies are framed in different ways constitutes an
important research direction. For example, understand-
ing how emphasis on place, specific climate impact, pro-
duction system, commodity, and/or cultural context affects
receptiveness among target audiences would position
Extension to develop and deliver relevant and useful
programming.
Given that the findings from this study focused only on
Northeast land-grant universities, we cannot assume that
the same barriers and priorities will be relevant across all
regions of the United States. Researchers from different
regions should conduct similar studies to identify the
most important issues to address. Regardless of region,
however, the need to ensure consistent and respectful
integration of research and Extension is fundamental
(Diehl et al. 2015; Radhakrishna et al. 2014). Monitoring
and evaluating impacts of integration efforts will be es-
sential to assess if and how this work is being transformed
into locally meaningful resources that in turn encourage
target audiences to adapt to and mitigate climate change.
These kinds of analyses constitute another important di-
rection for future research. Perceptions of barriers and
priorities among farmers and land managers regarding
climate variability and change must be documented.
Doing so should both guide research agendas and edu-
cational curricula but also can be compared with the
perspectives of faculty and Extension personnel within
land-grant universities to indicate areas of convergence
and divergence. This would provide important in-
formation regarding the degree to which land-grant uni-
versities understand the ways that their target audiences
are actually perceiving the climate challenges they face
and help Extension reconfigure existing programming
and develop new programming.
While it may not come as a surprise that land-grants
face resource challenges and target audiences may be
skeptical of climate change, the general consensus that
exists in terms of future priorities among researchers
and Extension personnel across subregions in the
Northeast provides new important insights that should
encourage regional, interdisciplinary teams. As univer-
sity leadership, researchers, and Extension continue to
grapple with climate change in the future, they must
develop evidence-based strategic plans that take into
consideration the perspectives and priorities of re-
searchers and Extension personnel. This approach will
help land-grant universities maintain their relevance,
adhere to their missions of pursuing the public good, and
address climate challenges to the agricultural and nat-
ural resource sectors.
Acknowledgments. The authors express their gratitude
to those faculty and staff at the land-grant universities
in the Northeast Climate Hub who provided critical
feedback and assisted with data collection. In particular,
special thanks are extended to Dave Hollinger, Howard
Skinner, Erin Lane, Joana Chan, Ivan Fernandez,
Marjorie Kaplan, and the three anonymous reviewers,
all of whom provided critical feedback and enhanced
the quality. This work is supported byU.S. Department
of Agriculture Agricultural Research Service under
Agreement 58-1902-4-008 at The Pennsylvania State
University and Contract 73905 at Cornell University.
The views presented here do not necessarily reflect
those of the funders. No financial interest or benefits
exist for the authors in the application of this research.
Mistakes or omissions that may have been made are
solely the responsibility of the authors.
REFERENCES
Agresti, A., 2007: An Introduction to Categorical Data Analysis.
2nd ed. Wiley-Interscience, 372 pp.
Alig, R. J., 2011: Effects of climate change on natural resources and
communities: A compendium of briefing papers. U.S. De-
partment of Agriculture, Forest Service, Pacific Northwest
Research StationGeneral Tech. Rep. PNW-GTR-387, 169 pp.
Allred, S. B., and P. J. Smallidge, 2010: An educational evaluation
of web-based forestry education. J. Ext., 48, 6FEA2. [Avail-
able online at https://joe.org/joe/2010december/a2.php.]
——, R. Schneider, and J. Reeder, 2016: The role of natural re-
source professionals in addressing climate change. Climate, 4,
38, doi:10.3390/cli4030038.
Antle, J. M., and S. M. Capalbo, 2010: Adaptation of agricultural
and food systems to climate change: An economic and policy
perspective. Appl. Econ. Perspect. Policy, 32, 386–416,
doi:10.1093/aepp/ppq015.
Arbuckle, J. G., Jr., and Coauthors, 2013: Climate change beliefs,
concerns, and attitudes toward adaptation and mitigation
among farmers inMidwesternUnited States.Climatic Change,
117, 943–950, doi:10.1007/s10584-013-0707-6.
——, L. W. Morton, and J. Hobbs, 2015: Understanding farmer
perspectives on climate change adaptation and mitigation:
The roles of trust in sources of climate information, climate
change beliefs, and perceived risk. Environ. Behav., 47, 205–
234, doi:10.1177/0013916513503832.
Backland, P., A. Janetos, and D. Schimel, 2008: The effects of cli-
mate change on agriculture, land resources, water resources
and biodiversity in the United States. U.S. Climate Change
Science Program and Subcommittee on Global Change Re-
search Rep., 252 pp. [Available online at https://www.usda.
gov/oce/climate_change/SAP4_3/CCSPFinalReport.pdf.]
JULY 2017 TOB IN ET AL . 603
Unauthenticated | Downloaded 02/08/21 07:19 PM UTC
Bartels, W., and Coauthors, 2013: Warming up to climate change:
A participatory approach to engaging with agricultural
stakeholders in the Southeast US. Reg. Environ. Change, 13,
45–55, doi:10.1007/s10113-012-0371-9.
Batie, S. S., 2009: Green payments and the U.S. farm bill: In-
formation and policy challenges. Front. Ecol. Environ., 7, 380–
388, doi:10.1890/080004.
Boyer, E. L., 1990: Scholarship Reconsidered: Priorities of the
Professoriate. Carnegie Foundation for the Advancement of
Teaching, 147 pp.
Brain, R. G., T. A. Irani, A. W. Hodges, and N. E. Fuhrman, 2009:
Agricultural and natural resources awareness programming:
Barriers and benefits as perceived by county Extension agents.
J. Ext., 47, 2FEA3. [Available online at http://www.joe.org/
joe/2009april/a3.php.]
Breuer, N. E., C. W. Fraisse, and V. E. Cabrera, 2010: The Co-
operative Extension Service as a boundary organization for
diffusion of climate forecasts: A 5-year study. J. Ext., 48, 4RIB7.
[Available online at http://www.joe.org/joe/2010august/rb7.php.]
Brown, M. E., and C. C. Funk, 2008: Food security under climate
change. Science, 319, 580–581, doi:10.1126/science.1154102.
Brugger, J., and M. Crimmins, 2015: Designing institutions to
support local-level climate change adaptation: Insights from a
case study of the U.S. Cooperative Extension System. Wea.
Climate Soc., 7, 18–38, doi:10.1175/WCAS-D-13-00036.1.
Burke, W. W., 2002: Organization Change: Theory and Practice.
4th ed. Sage, 424 pp.
Burnett, R. E., A. J. Vuola, M. A. Megalos, D. C. Adams, and M. C.
Monroe, 2014: North Carolina Cooperative Extension pro-
fessionals’ climate change perceptions, willingness, and perceived
barriers to programming: An educational needs assessment.
J. Ext., 52, 1RIB1. [Available online at http://www.joe.org/
joe/2014february/rb1.php.]
Butler, P., and Coauthors, 2015: Central Appalachians forest eco-
system vulnerability assessment and synthesis: A report from
the Central Appalachians Climate Change Response Frame-
work Project. U.S. Department of Agriculture General Tech
Rep. NRS-146, 310 pp.
Cathey, L., P. Coreil, M. Schexnayder, and R. White, 2007: True
colors shining through: Cooperative Extension strengths in
time of disaster. J. Ext., 45, 6COM1. [Available online at
http://www.joe.org/joe/2007december/comm1.php.]
Clements, J., 1999: Results? Behavior change! J. Ext., 37, 2COM1.
[Available online at http://www.joe.org/joe/1999april/comm1.php.]
Coale, F., and Coauthors, 2011: Agriculture. Comprehensive
strategy for reducing Maryland’s vulnerability to climate
change: Phase II: Building societal, economic, and ecological
resilience, Rep. of the Maryland Commission on Climate
Change Adaptation and Response and Scientific and Tech-
nical Working Group, 15–24. [Available online at http://ian.
umces.edu/pdfs/ian_report_299.pdf.]
Colasanti, K., W. Wright, and B. Reau, 2009: Extension, the land-
grant mission, and civic agriculture: Cultivating change.
J. Ext., 47, 4FEA1. [Available online at http://www.joe.org/
joe/2009august/a1.php.]
Colburn, L. L., M. Jepsen, C. Weng, T. Seara, J. Weiss, and J. A.
Hare, 2016: Indicators of climate change and social vulnera-
bility along the eastern and Gulf Coast of the United States.
Mar. Policy, 74, 323–333, doi:10.1016/j.marpol.2016.04.030.
Diehl, D. C., N. L. Sloan, S. Galindo-Gonzalez, W. Bartels, D. R.
Dourte, and C. W. Fraisse, 2015: Toward engagement in cli-
mate training: Findings from interviews with agricultural Ex-
tension professionals. J. Rural Soc. Sci., 30, 25–50.
Dillman, D. A., J. D. Smyth, and L. M. Christian, 2009: Internet,
Mail, and Mixed-Mode Surveys: The Tailored Design Method.
Wiley, 499 pp.
Dinon, H., N. Breuer, R. Boyles, and G. Wilkerson, 2012: North
Carolina Extension agent awareness of an interest in climate
information for agriculture. Southeast Climate Consortium
Tech. Rep. 12-003, 44 pp.
Ekanem, E., M.Mafuyai-Ekanem, F. Tegegne, S. Muhammad, and
S. Singh, 2006: Consumer trust in Extension as a source of
biotech food information. J. Ext., 44, 1RIB2. [Available online
at https://www.joe.org/joe/2006february/rb2.php.]
Floress, K., L. S. Prokopy, and S. B. Allred, 2011: It’s who you know:
Social capital, social networks, and watershed groups. Soc. Nat.
Resour., 24, 871–886, doi:10.1080/08941920903493926.
Fraisse, C. W., N. E. Breuer, D. Zierden, and K. T. Ingram, 2009:
From climate variability to climate change: Challenges and
opportunities to Extension. J. Ext., 47, 2FEA9. [Available
online at http://www.joe.org/joe/2009april/a9.php.]
George, D., and P. Mallery, 2002: SPSS for Windows Step by Step:
A Simple Guide and Reference 11.0 Update. 4th ed. Allyn and
Bacon, 400 pp.
Gould, F. I., D. Steele, and W. J. Woodrum, 2014: Cooperative Ex-
tension: A century of innovation. J. Ext., 52, 1COM1. [Available
online at http://www.joe.org/joe/2014february/comm1.php.]
Grudens-Schuck, N., J. Cramer, D. Exner, andM. Shour, 2003: The
new adult education: Bringing peer educators up to speed.
J. Ext., 41, 4FEA2. [Available online at https://joe.org/joe/
2003august/a2.php/.]
Guion, L. A., 2009: A tool for focusing integrated team efforts on
complex issues. J. Ext., 47, 1TOT2. [Available online at http://
www.joe.org/joe/2009february/tt2.php.]
Haden, V.R.,M. T. Niles,M. Lubell, J. Perlman, and L. E. Jackson,
2012: Global and local concerns: What attitudes and beliefs
motivate farmers to mitigate and adapt to climate change?
PLoS One, 7, e52882, doi:10.1371/journal.pone.0052882.
Haigh, T., L. W. Morton, M. C. Lemos, C. Knutson, L. S. Prokopy,
Y. J. Jo, and J. Angel, 2015: Agricultural advisors as climate
information intermediaries: Exploring differences in capacity
to communicate climate. Wea. Climate Soc., 7, 83–93,
doi:10.1175/WCAS-D-14-00015.1.
Hatfield, J., G. Takle, R. Grotjahn, P. Holden, R. C. Izaurralde,
T. Mader, E. Marshall, and D. Liverman, 2014: Chapter 6:
Agriculture. Climate Change Impacts in the United States: The
Third National Climate Assessment, J. M. Melillo, T. C.
Richmond, and G. W. Yohe, Eds., Global Change Research
Program, 150–174.
Hayhoe,K., andCoauthors, 2007: Past and future change in climate
and hydrological indicators in the US Northeast. Climate
Dyn., 28, 381–407, doi:10.1007/s00382-006-0187-8.
Hibbs, A. C., D. Kahl, L. PytilZillig, B. Champion, T. Abdel-Monem,
T. Steffensmeier, C. W. Rice, and K. Hubbard, 2014: Agri-
cultural producer perceptions of climate change and climate
education needs for the central Great Plains. J. Ext., 52,
3FEA2. [Available online at http://www.joe.org/joe/2014june/
a2.php.]
Horton, R. M., and Coauthors, 2014: Chapter 16: Northeast. Cli-
mate Change Impacts in the United States: The Third National
Climate Assessment, J. M. Melillo, T. C. Richmond, and G.W.
Yohe, Eds., U.S. Global Change Research Program, 371–395.
Howe, P. D., M. Mildenberger, J. R. Marlon, and A. Leiserowitz,
2015: Geographic variation in opinions on climate change at
state and local scales in the USA.Nat. Climate Change, 5, 596–
603, doi:10.1038/nclimate2583.
604 WEATHER , CL IMATE , AND SOC IETY VOLUME 9
Unauthenticated | Downloaded 02/08/21 07:19 PM UTC
Jemison, J. M., Jr., D. M. Hall, S. Welcomer, and J. Haskell, 2014:
How to communicate with farmers about climate change:
Farmers’ perceptions and adaptations to increasingly variable
weather patterns in Maine (USA). J. Agric. Food Syst. Com-
munity Dev., 4, 57–70, doi:10.5304/jafscd.2014.044.001.
Kellogg Commission, 1999: Returning to our roots: The engaged
institution. Kellogg Commission on the Future of State and
Land-Grant Universities Third Rep., 59 pp. [Available online
at http://www.aplu.org/library/returning-to-our-roots-the-engaged-
institution/file.]
Key, S., 1996: Economics or education: The establishment of
American land-grant universities. J. Higher Educ., 67, 196–
220, doi:10.2307/2943980.
King, D. A., and M. D. Boehlje, 2000: Extension: On the brink of
extinction or distinction? J. Ext., 38, 5COM1. [Available on-
line at http://www.joe.org/joe/2000october/comm1.php.]
Krejcie, R. V., and D. W. Morgan, 1970: Determining sample size
for research activities. Educ. Psychol. Meas., 30, 607–610,
doi:10.1177/001316447003000308.
Kunkel, K. E., and Coauthors, 2013: Regional climate trends and
scenarios for the U.S. National Climate Assessment: Part 1.
Climate of the Northeast U.S. NOAA Tech. Rep. NESDIS
142-1, 79 pp. [Available online at https://www.nesdis.noaa.gov/
sites/default/files/asset/document/NOAA_NESDIS_Tech_Report_
142-1-Climate_of_the_Northeast_US.pdf.]
Lenart, M., and C. Jones, 2014: Perceptions on climate change corre-
late with willingness to undertake some forestry adaptation and
mitigation practices. J. For., 112, 553–563, doi:10.5849/jof.13-051.
Liu, Z., W. J. Smith Jr., and A. S. Safi, 2014: Rancher and farmer
perceptions of climate change in Nevada, USA. Climatic
Change, 122, 313–327, doi:10.1007/s10584-013-0979-x.
Ma, Z., D. B. Kittredge, and P. Catanzaro, 2012: Challenging the
traditional forestry Extensionmodel: Insights from theWoods
Forum program in Massachusetts. Small-Scale For., 11, 87–
100, doi:10.1007/s11842-011-9170-2.
Mase, A. S., and L. S. Prokopy, 2014: Unrealized potential: A re-
view of perceptions and use of weather and climate in-
formation in agricultural decision making. Wea. Climate Soc.,
6, 47–61, doi:10.1175/WCAS-D-12-00062.1.
McDowell, G. R., 2003: Engaged universities: Lessons from the
land-grant universities and Extension. Ann. Amer. Acad. Pol.
Soc. Sci., 585, 31–50, doi:10.1177/0002716202238565.
McKenzie-Mohr, D., and W. Smith, 1999: Fostering Sustainable
Behavior: An Introduction to Community-Based Social Mar-
keting. New Society Publishers, 176 pp.
Monroe, M. C., C. N. Bode, and M. Megalos, 2015: Challenges
in communicating climate changes to Extension audiences.
PINEMAP, 5 pp. [Available online at http://www.pinemap.org/
publications/fact-sheets/challenges%20in%20communicating
%20climate%20change%20fact%20sheet.pdf.]
Morton, J. F., 2007: The impact of climate change on smallholder
and subsistence agriculture. Proc. Natl. Acad. Sci. USA, 104,
19 680–19 685, doi:10.1073/pnas.0701855104.
Nash, J., and G. Galford, 2014: Agriculture and food systems.
Vermont climate assessment: Considering Vermont’s future
in a changing climate, Gund Institute for Ecological Eco-
nomics and University of Vermont Rep., 156–175. [Available
online at http://dev.vtclimate.org/wp-content/uploads/2014/
04/VCA2014_FullReport.pdf.]
NASS, 2014: 2012 census of agriculture: United States summary
and state data. USDA/NASS Rep., 695 pp. [Available
online at http://www.agcensus.usda.gov/Publications/2012/
Full_Report/Volume_1,_Chapter_1_US/usv1.pdf.]
National Research Council, 1995: Colleges of Agriculture at the
Land Grant Universities: A Profile. National Academy Press,
145 pp.
Peters, S. J., 2002: Rousing the people on the land: The roots of
educational organizing tradition in Extension work. J. Ext., 40,
3FEA1. [Available online at http://www.joe.org/joe/2002june/
a1.php.]
Prokopy, L. S., and R. Power, 2015: Envisioning new roles for land-
grant university Extension: Lessons learned from climate
change outreach in theMidwest. J. Ext., 53, 6COM1. [Available
online at http://www.joe.org/joe/2015december/comm1.php.].
——, and Coauthors, 2013: Agricultural advisors: A receptive au-
dience for weather and climate information? Wea. Climate
Soc., 5, 162–167, doi:10.1175/WCAS-D-12-00036.1.
——, J. G. Arbuckle, A. P. Barnes, V. R. Haden, A. Hogan, M. T.
Niles, and J. Tyndall, 2015a: Farmers and climate change: A
cross-national comparison of beliefs and risk perceptions in high-
income countries. Environ. Manage., 56, 492–504, doi:10.1007/
s00267-015-0504-2.
——, and Coauthors, 2015b: Extension’s role in disseminating in-
formation about climate change to agricultural stakeholders in
the United States.Climatic Change, 130, 261–272, doi:10.1007/
s10584-015-1339-9.
——, L.W.Morton, J. G. Arbuckle Jr., A. S. Mase, andA. K.Wilke,
2015c: Agricultural stakeholder views on climate change: Im-
plications for conducting research and outreach. Bull. Amer.
Meteor. Soc., 96, 181–190, doi:10.1175/BAMS-D-13-00172.1.
Radhakrishna, R.,D. Tobin, andC. Foley, 2014: IntegratingExtension
and research activities: An exploratory study. J. Ext., 52, 1FEA1.
[Available online at http://www.joe.org/joe/2014february/a1.php.]
Rejesus, R. M., M. Mutuc-Hensley, P. D. Mitchell, K. H. Coble, and
T. O. Knight, 2013: U.S. agricultural producer perceptions of
climate change. J. Agric. Appl. Econ., 45, 701–718, doi:10.1017/
S1074070800005216.
Rennekamp, R. A., and G. W. Gerhard, 1992: Barrier to youth-at-
risk programming. J. Ext., 30, 2FEA7. [Available online at
http://www.joe.org/joe/1992summer/a7.php.]
Richardson, J. G., J. A.Williams, andR.D.Mustian, 2003: Barriers
to participation in Extension expanded food and nutrition
programs. J. Ext., 41, 4FEA6. [Available online at http://www.
joe.org/joe/2003august/a6.php.]
Tang, Y., S. Zhong, L. Luo, X. Bian, W. E. Heilman, and
J. Winkler, 2015: The potential impact of regional climate
change on fire weather in the United States. Ann. Assoc.
Amer. Geogr., 105, 1–21, doi:10.1080/00045608.2014.968892.
Tiefenbacher, J. P., and R. R. Hagelman III, 2004: Place, per-
ception, and choice: Response of citrus growers to freeze in
California. Nat. Hazards Rev., 5, 179–187, doi:10.1061/
(ASCE)1527-6988(2004)5:4(179).
Tobin, D., and Coauthors, 2015: Northeast and Northern Forests
Regional Climate Hub assessment of climate change vulner-
ability and adaptation and mitigation strategies. U.S. De-




Walthall, C. L., and Coauthors, 2012: Climate change and agri-
culture in the United States: Effects and adaptation. USDA
Tech. Bull. 1935, 186 pp. [Available online at http://www.usda.
gov/oce/climate_change/effects_2012/CC%20and%20Agriculture
%20Report%20(02-04-2013)b.pdf.]
Wang, S. L., 2014: Cooperative Extension System: Trends and
economic impacts on U.S. agriculture. Choices Magazine,
JULY 2017 TOB IN ET AL . 605
Unauthenticated | Downloaded 02/08/21 07:19 PM UTC
Quarter 1. [Available online at http://www.choicesmagazine.
org/choices-magazine/submitted-articles/cooperative-extension-
system-trends-and-economic-impacts-on-us-agriculture.]
Williamson, R. D., and E. P. Smoak, 2005: Embracing edutain-
ment with interactive e-learning tools. J. Ext., 43, 5IAW2.
[Available online at https://www.joe.org/joe/2005october/
iw2.php.]
Wojcik, D. J., M. C. Monroe, D. C. Adams, and R. R. Plate,
2014: Message in a bottleneck? Attitudes and perceptions
of climate change in the Cooperative Extension Service in
the southeastern United States. J. Hum. Sci. Ext., 2, 51–70.
[Available online at https://docs.wixstatic.com/ugd/c8fe6e_
c3c4c31accea49afaf8349c181812a94.pdf.]
Wolfe, D. W., L. Ziska, C. Petzoldt, A. Seaman, L. Chase, and
K.Hayhoe, 2008: Projected change in climate thresholds in the
northeastern U.S.: Implications for crops, pests, livestock, and
farmers.Mitigation Adapt. Strategies Global Change, 13, 555–
575, doi:10.1007/s11027-007-9125-2.
606 WEATHER , CL IMATE , AND SOC IETY VOLUME 9
Unauthenticated | Downloaded 02/08/21 07:19 PM UTC
